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B“y W. ~etlio, H. G. I)eDaci, and C. heed

“- SUMMARY

Hinge-moment, l~ft, and preseure-dietrlbutlon
measurements mere made In the two-dtmenalonal temt taectlon
of the ?UOA stability tunnel on a blunt-nose balance-type
aileron on an MA(IA 66,2-216 “airfoil at speeds up to 360
miles per hour corresponding to a Uach number of ().475.
The tests were qde primar.tly to determine the effect of
speed on thq actioc of thle type of aileron. The balance-
no8e radii of the a$leron were varied fro= O to 0.02 of
the “airfoil chord arid”the gap width was varied from 0.0005
tc 0.0107 of the airfoil chord. Teats were also made with
the gap sealed.

The variations in hinge momenta and lift with Mach
number, angle of attack, and aileron deflection are given
in the form ~f aurve~ of section hinge-moment coeffl.olente
and aect%on lift coeffic”iente plotted against aileron
dexl~ction for the various conditions tebted, together with
croae p.iota aaowing the genera~ effect of Mach numbert gap
widths atid balancq=noae ~adii.

The results show that there waa a considerable tn-
oreaae in the Qtalled renge of the. aileron wtth $pcreaged
sp~edq Up to tha sta~l, the vasiation %A h$ngo-moment
coeffi.oit?ats and lift coefflclenta fo$ the spd~d range
tested was gmal~ but the varlattan may bq apprpgiable ~hem
stiak forces at high speed~ are con~ldered.
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Large increabee in the size and speeds of current
combat airplanes, in addition to high maneuverability re-
quired In combat, have made it necessary to balance almost
exactly the hinge moments of ai}erons and at the same time
to maintain their effectiveness. Although most types of
aileron balances in use today operate eatiafactorily at
low speeds, difficulty, such as overbalance at high speeds;
has been experienced with some existing aileron installa-
tions. This difficulty is apparently caused by the large
amount of balance coupled with the changes in hinge moment
that result from compressibility effects. Consideration
of these problems has made cecessary further research on
some of the currently used or r“ecently proposed balance
arrangement S.

The I?ACA Is therefore undertakirig a study of some of
the more promising aileron typeo at higher Mach numbers
than were employed In previous developments. This report
dea10 with the section characteristics of a blunt-nose
balance type of aileron of O.EO airfoil chord with a 0.35
aileron bala~ce and of true contour ueed on an l!JACA66.2-216
airfoil. The amount of balance; 0.35 aileron chord, was
chosen because, from the data given in referenoe lo it was
estimated that thie amount of balance would give almost
complete balance on an airfoil of the NACA 230 series at
a low angle of attaolz.

The section lift coefficient c1 and thq section

hinge-moment coefficient cha were measured at various

airspeeds up to 360 milee per hours corresponding to a
Mach number of 0.475. These measurements were taken
through an angle-of-attack range” from -5° to 10° and an
aileron deflection range of A20°. The influence of the
gap width between the aileron and wing and the influence
of the radii of the projecting corners of the balance were
Investigated. The data are preswted In the form of curves
of c~ and cha plotted agalcst ailer.oh deflection with

cross plots to show the ef3ect of the aileron parameters.
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P masa dedeity of. air

Cxo angle of attack for airfoil- of infinite aapeat ratio

~a ai’le~on deflection with respect ho airfotl

M Mach number ““ “

APPARATUS A19~MODELS

The teate.were n+de $n the .two-dtmenaional teat eea-
tion of the stability tunnel at”airapeeda up to 360 mlleg
per hour. The test section ie rectangular, 2.5 feet wide
and 6 feet high.. .. .

. .

‘The ~oclal af.~n NACA 66,2-216, a = X,O eec”tion was
made ‘oS Iamiiai.ed mahogany. It completely spanned the
teat eeotmion and waa fl.xed Iato.clreular end dlaa that
were flusfi.wit,hthe.tunnel wallsq Thq angle of.attack of
the model was changed b~ rotating the ena dleka. Tables
I and II give-the qrd%natee of %be aiTfoll eeetion apd
Iooatioha of oentera of Oalanoe-noee sadli~ respectively.
Ytg’me 1 is a,photograph of s model mounted la the tmxme~.
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The atleron of 0.20c and 0a.35ca balance and of true
aontour was made of steel with wooden nose pieces having
O, O.OIC, and 0.02c balance-nose radii. (See fig. 2.)
The aileron wan supported at the ende by ball bearings
mounted in eteel end platee attached to the airfoil.

The aileron deflection was varied and the aileron
aagle and hinge moments were measured by a oallbrated
spring torque balance and sector system. Pressure orl- . “
frees were loaated along the mldapan of the wing and ●i-
leron and the preeeu~e distribution was recorded photo-
graphically. In some oases htnge momenta and lift were
obtained from the pressure-dietr~butloa diagraano.

Yor some of the teets, the llft was also measured by
an imtegratlqg manometer Conneet@d to orifices in the
floor and celling of the tunnel. The Integrating manom-
eter was calibrated against lift obtained by pressure
distribution.

m w! s

Teats werq made with balanoe-nose sadii of O, 0.O1O,
and 0.02c. With sero radii only pressure-distribution
tests were made. With radii of O.O1O and 0.CJ20, htnge
moments were measured with gap widths of 0.0005ct O.ooaoc,
0.0055c, and 0.01070 and also with a 0.0055c gap eehled .
with a flexible eheet that exterided from wall to walls
In the test in which the 0.02c ?adii wataused - in eddi-
tion to the presmzre-dist~ibution and hinge-moment m
measurements - eection lift wae measured b~ the integrat-
ing manometer.

Teeta for each qondition were made at five speeds
which gave Mach mmbere In a range between 0?196 and 0.475.
The lowest speed corresponds to a ~ey~olds number of about
2,800,000 and the hlgheet speed to a Reynolds number of
about 6,700,000. . ~igure 3 Ie @ plot of Reynolds number
baaed on etandard atmospheric aonditloga against test Mach
number. Tests were made at angles of attack ~f -6°, OO. 5°,
and lQO with -2°s 2Q, and 7.50 adaed for the 0.0965G gap

(oPen and eealed). ~or eaoh angle of attack readinga
wqre taken at the followiag aila?on angles: 0,”+20, +50,
+70, +100, +130, +160, +380, aqd *800.

The high speeds oou~d aot be attained at the large
angleo of attack with lar~e “aileron deflections Because
of limited tunnel power.
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attakak tg.te~. .Fw oauh aagle of”
mdle at aileron aaglas of OS *6°g

P~OIWO19

Angles of attaak wese met to

attaak reeordg mesa
-7°, +lOO,.●nd *16°.

.

within +O.l” ‘and aileroa

Oorrecttionn fw tuzmel-wall etfecte were nit .app2$ed
to tho ,eotlon hinge-xpgpept aoetfic~oats. The folXowing
correotlona were appl$ed to ttieeeo%$on lift and section
pltohing-moment coeffiei.qnts apd to $Ue aqgle of attack$

so = (1 + $)a’

where “
a

Y= IyJg
40

h heSght of tuxm$l

.

—
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Hinge moments ..w~e peasur.ed eimultaneoualy by pree-

sure distribution and by the “spring torque balancd for a
number of varied conditions and the results are ahqwri in
figure 4. The variation In the values Is probably -dtie-to
the faot that the spring balance measures the hinge moment
on the entire aileron, which includes effectelof boundary
layer at the tunnel wall and of gaps at the ends of the
aileron as well as the effects of any cross flow over the
aileron; whereas the preesure distribution givee the hinge
moment at one seation of the aileron and is subject to
some errors in fairing the ~resaure-distribution diagrams.. .

RX5ULTS AND DJqCU6SIO17

.

In order that the results for the tests of various
model configurations may be more easily found table 111
gives the t’igure numbers, the variations shown on the ftg-
ureD and the corresponding model configuration.. Onl~ part
of the data are presented for the O and O.OIC balanc.e-noee
radii.

The results show that for all conditions the aileron
apparently stalled at an angle of deflection that depended
on the ~peed, the angle of.jattack~ the gap width, qnd the
balance-nose radii and that the hinge moments Increased
rapidly ID the stalled range. At the transition point be-
tween the etalled and unstalled’ range the ail~ron was
observed to oscillate between the stalled and unstalled
condition. LB tho;””~peed increaeed the unBtalJed range of
deflections of the aileron generally became smaller. The
effect was meet.pronounced with. the zero balance-nose
radii.

Hinge Moment of Allerou

The aileron eectiou hinge~moment coefficients cha

plotted againat aileron deflection 8a are given In fig-

ures 5 to 7. The vaiues of Cha given in figure 6 are
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from preeaur-distf’~kt~on rec6r&s”- (ho olihbreattofactory
measurements were available); thoee given In figures 6
and 7 are from aprlng-balanc~ measurements (a comparison
of results obtained by the two methode Is given In fig-
ure 4). Theee resulte ~how that for a limited range of
atleron def3eotlons and angles of attack the atleron bal-
aace was fairly effeotive. An average value of the elope
of the curve of Sect Ion hinge~momept coefficient plotted

a Ctia
Sgainat aileron angle, of -0.0057 wae obtained

~’ ,
from values of cha at B ~a of *50 ae compared to a

value of -Q.011 given by unpublished data for a 0.20 chord
plain sealed aileron on the same w%ng section. Although

a Oha
the value of

~
of -0.G057 is relatively large for

combat airplanes~ the increment reduction IQ the value of
a Cha

is, accord~ng to data reported In reference 10 about
a~
the came as would be obtalnsd for a 0.35ca balance aileron

on an XACA 230-seriee section.

For the range of Mach numbers M te~ted the moat
noticeable effect of iucreaBing speed on the hinge-moment
characteristics of the ailerone was a considerable Increaee
in the stalled range of the aileron. The general trend of
the effect of M on Cha in the unstalled deflection

range Is ehown by figure 8 to be an increase in

$ncreaae of M.

cha with

Some of thie trend my be ~ue to the
change in Beynolde number. Approximate valuee of Beynolds
number for any value of M @ay be obtained from figure 3.

A change Zn the unqt~l~ed range of the aileron Is
shown by figures 6 to 7 to be thq prinoipal effect on the
hinge-moment chamacte~letics rerjultlng from chauges in
balance-nose radii aad gap width, An Increase In radii
from C) to 0.02c changed the unstalled range $rom about *4°
to about +10° and inorearaed the hinge-moment-coefficient
elope. ~OZ al% caaea. the aileron m$th gap nealed had the
greatest unetalZed range. & Increase in the gap decreaBed
appreciably the unstallqd range; the amoupt. of change
varied with angle o? attack an~ the effect was usually
greater for the positive ~guge 0$ a$lpron deflectiofis than
for the negative range.
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Figure 9 ehowa that the effect of gap on @ha In the

unstalled range Ie usually small, The general variation
of cha with a. is shown in figure 10. Here again the

effects of M, balance-nose radii, and ga~ are small.

Lift!

The airfoil section lift curves, c~ (obtained with
the integrating manometer) for a balance-nose radii of
0.02c with aileron neutral, are presented In figure 11 and
show that the Elope of the lift curve i~creasee with Maoh
number. The variation of lift-curve slope with speed for
the various gap widths is given in figure 12 together with
a curve showing the theoretical variation. It Is believed
that closer ag~eement would have been obtained If the com-
pressibility effect on tunnel-wall Interference and Reynolds
number effeclie cn the airfoil characteristics had been
,takeu into account. ~igure 12 also shows that “the highest
slopee were obtaiued with the gap sealed. When the gap
was unsealed, an increase In the gap width cauaed a d?urease
in the slope except at the highest speed tested where an
increase in gap resulted in an increase in the slope.

Figure 13 Is a plot of section lift coefficient against
aileron angle. Iu order to avoid confusion, faired curves
have been drawn in thts figure only. through the test points
for a Mach nuuber of approximately 0.36. Vor low and
medium anglee of attack an “Increase In the spesd increaseu

the value of the slope of these curves
(J

act

aT- ~
and the

amount of increase varies mith the angle .of attack, At
high angles of attack an Increase in speed generally caused

act
a decrease” in the value of

()a= ~“

(

ac~)
IPlgure 13 also shows that the value of , for a

z~ )=

range of $8 of *5, was highest at low and medium angles

of attaok with the gap sealed and, at high.anglea of attack~
the slope was highest for the 0.0055c gap. Increases in
gap usnally deoreased the aileron deflection at which the
etall occurred and deoreased con~iderably the effectiveness
of the aileron at larga aileron deflections. The lose %n
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eff ectivenee;” ‘du-&-to the’‘ka~ ~i-‘la.r&d‘n-tle%osi’deflect”tona “
wae leae~ at the high speeds. . . .

., ,.
:. The airfoil sect~o~. llft and aec.tion pitching-moment
.ooef’flciente”obtained by.presuure diatr”lbu$ ion. for” balamce-
nose radii of O and 0.020 are presented in figure 14?. ?Ig-
ure 14(a) shows, as might be expected, that therq 3s little
change In the lift curve (ail,eron aoutral) w~th changes in
balance-nose ~adli. ~igure 34(b) shows the variation of
ths a5rfO%l section lift C09ffiCi9nt CL with atlaron ds-
flectlon for the different radtl. It %s evtde~t that the
aileron with 0,02c radii has a much larger effective range
than either of the other two ailerons and that the aileron
wit4 zero ~aall is Inefficient because it Ioaes all its
effectiveneae at a po~ltlve aileron deflection of 5°,

Variatlon6 of airfoil section lift coefficient o~
with Mach number for balance-nose radii of 0.02c are ehown
in figure 15 for three aileron deflect$ona. The general
tendency, au expected, ie for the l$ft ooefflclent to in-
crease with Mach number; part of this increase probably is
due to ~eynolds number. At an angle of attack of 10°,
however, the lift coefficient decreaaed after a certain
value of Mach nunber waa reached am a result of crltlcal
speied occurring over the leading edge of the atrfoll.

Increasing the gap width from 0.0005c to 0.0’1070
generally caueed a slight decrease tn the value of t?z.
(8ee fig. 16. ) The aileron with 0.02c balance-nose rad~l
used in this test is eomew~at more effeotive In producing
lift at an angle of attack OX 10°than a plaln sealed flap
of 0.20c on the same type alrfoll at a proximately the

tsame Eeynolds pumber, as ia Indicated y the data given In
Teferenge 2. .

Oontrol-lForce “Crlterlop .

The variattou of AG4a8a with Ao% -la a e~gt~ol-

for~e criter$on tliat takes into acccuht not.only the re-
ductl.on in Acha but aleo the poss$ble reduction In Act

(for a given deflection) that may be caueed by the balaac-
ing devioe. Therefore. even though Ac~a may be reduced

conslderablyj If it is neceaea$y. to mdve the c~ntro$ sur-
f.a~e through a very ~a~ge angle (debreaslng the st%ck
leverage ef the allesons) tht~ p~o~uct may be $nareased
somewhat to obtain the qam6 AC- . “The criterion as used

i. herein 1~ strictly valid only a the $nstap$ that the
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aileso.n is deflected. “ Thewee,af this criterlo~ for com-
putlmg stick forcetaduring” a.r~ll”wili give an erropeous
indication of these forcee because differences in the
rates of variation” of hinge-rnomeqt ooeffioients w$th angle
of attaak (aCh/%a) of the a31erods that are being compared

are not “taken into .ticcount. - .“. .

.?~gure 17! a.pli$ of ACha8a again8t ~o~ for

various Mach numbers, shows that the.effect of Maah number
on the balance effec~iveness is small except for higli
aileron deflections. Generally there is a doarease In the
raag.e of balance offectlveness with speed. In some.eaaee~
however, the effective range inc~eaees with small changua
ef speed but ia decreased with further tn”creasee iII ape~d.

. . ~lgure 18 ahowe the variation of 4Cha&a With” Aot
for the different balance-noee radiip “The effective lift-
productng range lavery mall for the spro rad$i and ia
greatest for the 0.02a radii.

Figure &g ahbws the variation of ~Cha&a with AUJ

for the varloua gap ~idths. ~or small and negative angl~s
of attiack the resulte were beet with gap” saale~ but at
higher angles the reeults were best with a.gap.width of
0,0065e. .

A plot to show the varlatlon of Ach=ba with Ac~

for varloua anglee of attaak (f$~. 20) has been included
as a matter of interest apd, also, for .poasible compari-
sons with other ail~$en~. .

The results of these teats indicate that a greater
amount of balance than that ueed in this Investigation la
necessary if the ailerons ar-e to give Satisfactory hinge
moment~ for use On sombat a~rp~anes. The range of balanae
effectlven?ae and the range for which the aileron 1s effea-
tive in producing rolling momenta could probably be ex-
tended by an increase Lq the balance-~osci radii..

Por the range of apeeda teitdd, Inoreaaee tn mp.eed
.caueed a ~one~derable lncreas~ In the stalled raage of the
aileron and ip the tanetalled range there were small in-
.~reases la the hinge momentq.. .Eigher epeedss howevero
probabW would have more qffqot beaaus~ it IS usually not
until higher speode are r~aohed that the llft and drag
cB@radteriat@6 of’ al~foila are serious$y affected by aom-
preesib~liby.

- .-. . -
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COECLUSIO19S ........ ........ .-,-----

The results of the teate of ailerons of 0.20 airfoil
chord and true contour with 0.35 aileron-chord ●xtreme
blunt noee balance on the l?A~A 66,2-216 airfoil indicate
the following general conclueione:

1. Increasing the Mach number up to 0.470 gerierally
causes a small increaee of the hinge-moment and lift coef-
ficients but Increaees the stalled range of the ailerons
considerably.

●

2. An Increase of the balance-nose “radii from O to
0.02 chord increases the range for which the”aileron Is
effective by about 80 but results in increased hinge-
moment coefficients with little change in lift coefficients
in the unstalled range.”

3. An Increase of the gag width increased tbe hinge-
moment coefficients slightly with little change in lift
coefficient; however, a co~siderable Increase in the
stalled range of the aileron results. The magnitude of
the increase varies with the angle of attack.

4. The amount of balance t06t0d, 0.35 aileron chord,
gave no case of complete balance and in some cases the
unbalance was relatively large.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley ~ield, Va.

1. Purser, Paul E., and Toll, ghomas A.: Wind-Tunnel
Investigation of the Characterietica of Blunt-liose
Aileronrn on a Tapered Wing. NACA A.R.R., ~eb. 1943.

2. Jacobs, Eastman H., Abbott, Ira H., and Davideon, Milton:
Supplement to IIACA Advaace Confidential Eepprt,
Preliminary Low-Drag-Airfoil and Flap Datn from Teats
at Large Re nolds Humbers and Low Turbulence.

T
NACA,

(Loose leaf , March 1942.



32 NACA

TABLE I. - ORDINATES mR NACA 66,2-216, a = I.o AIRFOIL

[Stations and ordinates in percent of wing chor~

Upper surface I Lower surface

Station Ordinate Station Ordinate
k

o 0

k
?.2 o -:.1 0●

, !; ?
H

3
: ~;

1. -1*3?4
1.128 1* 5 1.572 -1.6
2.362- 2:~go 2.638 “2.1 &
4. 81L6

i4i
5.154 -2.9 2

7:~4; .“2 7.660 1

u

- :~o:
5 ● 140 10.162 2

1.85 6.276
i

15.1 5 j 9;~~
1.80
?

7:& 6 20.1 0
2 .879

d+!
25.121 -6:054

2 .900
z

●3 30.100 -6. 22
3 & 8.736

1
5.076 i!-6. 76

???
8.980 -6.838

● 97 9.092 4;:% -6.,902
50.000 9,060 50.000
2:.:2

8
$b875

k k

54.975 :2:X4
8. 96 5 .952 ‘“ -6.35

65:07 61.933
i

7. 62 - ,802
7;.:;; 6. 1

%
6 .919
?

?

6 bd
:4:z;!

:6?
7 .913

0:085
85.075

7 .915
:?,;2;

~~.: $
3.395

90.05
i

2*103
E

i!-::;8:
95.02 0s913/ 9:972
100.000 100.000 0

L*~* radius: 10575

TABLE 11. - LOCATION OF CENTERS OF BALANCE-NOSE RADII

[Stationsand ordinates in percent of wing chord]

Balance-nose Upper surface Lower surface
radii

o 75.17
?
.83 75.00 -4.0

75. 0 k
i i

● 5
1

75.33
759 7 3* 2 75979 i~:: 3



l?AOA TABLE 111. - LIST OF ??IGURES I-3

. .

?ig- Balance-

Ure”
>Variat~on shown’ nose Gap width

radll,

against 6a
by p%sure distribution) Oc 0.0055C

.6 c~ against 5a .Olc *O055C

I

(a) .0005C

7
(b) .0030C

Cha against 5a ● 02C (c) .0055C
(d) .O1O7C
(e) .0055c(sealedJ

8 c~a against M (a) .Olc .0055C
(b) .02C .0055c(sealedj

9 Cha against gap (a) ●Olc
(b) .02C Varies

10 cha against a. (a) .Olc
{

0.0055C
(b) .02C .0055c(sealed]

.0005C
11 cl against a. .02C~ .0055C

.O1O7C
L .OO~~c(sealed)

bcz
12 (k-)6a=o against M

[

.0005C
.02C .0055C

.O1O7C

.0055c(sealed)

{

(a) .0005C
13 Cz against ba (b) .0055C

“02c [:] .O1O7C
.0055c(sealed)

I.

CT and cmc/k obtainml by
pressure distribution Oc

14
(a) Variation with a. ●Olc .0055C
(b) Variation with 6a ● 02C

15 Cz against M .02C
{

.0055C

.0055c(sealed)
16 Cz against gap .02C Varies

17
{

Acha6~ against bcz
(showing change with M) .02C 0.0055C

[

ACh 6~ against Ac$
IS (show!?ng effect of ,balance-

nose radii) .02C .0055C
‘(by pressure distribution)

{ ?
against &CZ .02C Varies19 ~

sk% ~~ effect of gap)

{
Acha6a against Ac~

20 (showing spread with Go) ● 02C OOO055C
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